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Abstract: Taurine is a sulfur-containing amino acid-like endogenous compound found in substantial amounts in mam-
malian tissues. It exerts a diverse array of biological effects, including cardiovascular regulation, antioxidation, modu-
lation of ion transport, membrane stabilization, osmoregulation, modulation of neurotransmission, bile acid conjuga-
tion, hypolipidemia, antiplatelet activity and modulation of fetal development. This brief review summarizes the role
of taurine in the vasculature and modulation of blood pressure, based on experimental and human studies. Oral
supplementation of taurine induces antihypertensive effects in various animal models of hypertension. These effects
of taurine have been shown to be both centrally and peripherally mediated. Consistent with this, taurine produces
endothelium-dependent and independent relaxant effects in isolated vascular tissue preparations. Oral administra-
tion of taurine also ameliorates impairment of vascular reactivity, intimal thickening, arteriosclerosis, endothelial
apoptosis, oxidative stress and inflammation, associated primarily with diabetes and, to a lesser extent with obesity,
hypertension and nicotine-induced vascular adverse events. In rat aortic vascular smooth muscle cells (VSMCs),
taurine acts as an antiproliferative and antioxidant agent. In endothelial cells, taurine inhibits apoptosis, inflamma-
tion, oxidative stress and cell death while increasing NO generation. Oral taurine in hypertensive human patients
alleviates the symptoms of hypertension and also reverses arterial stiffness and brachial artery reactivity in type 1
diabetic patients. However, despite these favorable findings, there is a need to further establish certain aspects of
the reported results and also consider addressing unresolved related issues. In addition, the molecular mechanism
(s) involved in the vascular effects of taurine is largely unknown and requires further investigations. Elucidation of
the mechanisms through which taurine affects the vasculature could facilitate the development of therapeutic and/or
diet-based strategies to reduce the burdens of vascular diseases.

Keywords: Taurine, isolated vascular tissue preparations, VSMCs (vascular smooth muscle cells), endothelial cells,
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Introduction taurine from methionine and cysteine (or their

precursors), primarily in the liver; it is then deliv-

Taurine (2-aminoethanesulfonic acid) is a natu-
rally-occurring amino acid-like compound pre-
sent in substantial amounts in many mammal-
ian tissues [reviewed in 1-3]. It is mostly found
in free form in the cytosol and plasma, and the
concentrations in these compartments in hu-
mans are 50-200 yM and 5-30 mM, respec-
tively. Further, taurine is not incorporated into
protein structures. In humans, taurine is con-
sidered semi-essential since it can be synthe-
sized endogenously.

Taurine was first isolated from the bile of ox
(Latin Bos taurus) in 1827 by the Gerrnan scien-
tists, Friedrick Triedemann and Leopold Gmelin
[4]. Humans and animals can synthesize

ered to target tissues by the circulation (1).
However, the biosynthetic capacity and turnover
rate of taurine can vary significantly in different
animal species (e.g., cats lack the ability for
endogenous taurine biosynthesis while all oth-
ers studied do not). Although humans can syn-
thesize taurine, the majority of taurine stores
derive from food sources of animal origin, espe-
cially eggs, meat and seafood. Taurine is read-
ily absorbed from the gastrointestinal tract.
Both ingested and endogenous taurine is trans-
ported into the interiors of cells across plasma
membrane by a high-affinity active transport
system designated taurine transporter (TAUT)
[5]. In addition, at relatively high concentra-
tions, taurine is also transported by diffusion
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[6]. The active taurine transport system is
stereospecific and is inhibited by B-amino acids
(eg., B-alanine), guanidino ethane sulfonate
(GES) and y-amino butyric acid. This transporter
is proposed to help maintain the intracellular
concentrations of taurine. While the distribution
of taurine can differ markedly depending upon
tissue/cell types, high levels of the compound
are present in bile, intestine, heart, skeletal
muscle, brain, nerve, liver, kidney, retina and
leukocyts [1,2,7]. The excretion of taurine in
mammals takes place mainly via the kidney and
the rate of excretion is closely related to dietary
intake of the nutrient.

Taurine has been shown to exert a diversity of
biological effects, enabling it to influence the
functions of multiple organ systems. More com-
monly reported effects include cardiovascular
regulation, antioxidation, modulation of ion
transport, membrane stabilization, osmoregula-
tion, modulation of neurotransmission, bile acid
conjugation, hypolipidemia, antiplatelet activity
and fetal development [1,2,8]. Most of these
effects of taurine have been suggested to be a
reflection of its modulatory role in membrane
structure and function. In this regard, intracellu-
lar taurine, by virtue of its chemical nature, in-
teracts electrostatically with polar groups of
phospholipids, with possible effects on mem-
brane permeability and fluidity [1,2,8]. This in
turn influences the susceptibility of the struc-
tures and functions of a range of membrane-
bound proteins (eg., receptors, transport pro-
teins, ion channels, G-proteins and effector en-
zymes) to covalent modification and modulation
[1,2,8].

Due to the important role taurine plays in bio-
logical and physiological functions, deficiency of
the nutrient has been associated with various
pathological conditions [9,10]. Indeed, pro-
longed low dietary intake of taurine has been
observed to be linked to a number of disorders
including retinal degeneration, retardation of
growth and development, cardiovascular dys-
functions, CNS abnormalities, immune impair-
ment and hepatic disorders. Most of these con-
ditions have been shown to be effectively pre-
vented and/or reversed by taurine supplemen-
tation. In clinical trials, taurine and some of its
analogs have been utilized with varying degrees
of success in the treatment of a wide variety of
related conditions, such as congestive heart
failure, hypertension, hypercholesterolemia,
epilepsy/seizures, retinal disorders, Alzheimer’s
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disease, hepatic problems, alcoholism, fatigue,
cancer and cystic fibrosis [11-14].

The present article briefly reviews the role of
taurine in the vasculature by examining the evi-
dence from in vitro, animal and/or human stud-
ies in regard to its tissue content, transporter,
and biological/physiological effects, aspects
that have received relatively little attention.

Vascular taurine content and transporter

There is limited information in the literature on
the distribution and content of taurine in vascu-
lar tissue. Korang et al. [15] studied these as-
pects of taurine in rat aorta and vena cava. The
investigators found that the basal levels of
taurine in these tissues were 2,129 + 195 and
6,249 + 310 nmol/g, respectively. Injection of
taurine into rats as 0.8 g/kg ip elevated its con-
tents in the aorta and vena cava by 3 and 2
folds, respectively, after 30 min. Simultaneous
measurement of plasma taurine demonstrated
that changes in plasma concentrations do not
necessarily predict the changes in tissue con-
tents; the relevance of this observation to other
tissue types remains to be established. We
have also shown a nearly similar basal level of
taurine in the rat aorta [16]. On the other hand,
treatment of rats with 3% B-alanine in drinking
water for 3 weeks caused a significant reduc-
tion of taurine content in the aorta by about
40%, as reported for the kidney and heart [16-
19]. It should be noted that compared to other
major organs, the basal levels of taurine deter-
mined in these blood vessels are generally low.
For example, Korang et al. [15] found that the
corresponding value in the rat heart was
31,362 + 1,886 nmol/g. The relevance of
variations in tissue levels of taurine to physio-
logical functions remain to be established.
While there is insufficient information regarding
the pathophysiological significance of taurine
contents in the vasculature, one recent report
[20] has described a decrease in taurine uptake
and levels in aortic wall from spontaneously
hypertensive rats (SHR), but without evaluating
the contribution of the individual components of
the aortic wall to the impaired taurine uptake.

From the above reports, the cellular source(s) of
taurine within the vascular tissue is not clear.
This issue can be resolved by determining
taurine contents in individual components of
blood vessels, including vascular smooth mus-
cle and endothelial cells.
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Regarding localization of taurine in vascular
endothelium, porcine pulmonary arterial endo-
thelial cells have been shown to accumulate
[BHltaurine in hypertonic medium, a well-
described phenomenon in response to regula-
tory volume changes [21,22]. Furthermore,
immunohistological studies utilizing [3H]-taurine
demonstrated intense staining in vascular endo-
thelial cells in testis and in cultured cells. On
the other hand, to our knowledge, the localiza-
tion of taurine in vascular smooth muscle cells,
per se, is not known.

Studies in different nonvascular cells have
shown that taurine is actively transported by a
taurine transporter (TAUT) protein [23,24]. This
protein has been cloned and its gene expres-
sion has been found to be altered by several
factors. In these nonvascular cells, taurine
transport is coupled to the transport of sodium
and chloride ions [23,24]. The presence of a
similar active transport mechanism for taurine
was verified in blood vessel by determining the
expression of TAUT and the Kkinetic parameters
of the uptake process in rat aortic smooth mus-
cle cells [26]. Accordingly, it was demonstrated
that mRNA and protein of TAUT were expressed
significantly in these vascular cells and this was
accompanied by marked taurine uptake. limmu-
nohistochemistry experiments also revealed the
expression of TAUT protein in the intact rat aorta
[26,27]. Taken together, the results of these
experiments provided evidence for the expres-
sion of functional TAUT in vascular smooth mus-
cle cells (VSMCs). Similar experiments need to
be performed on endothelial cells. However,
the accumulation of [3H]-taurine and immuno-
staining of endothelial cells, as described
above, are suggestive of the existence of a TAUT
system in these cells too.

In vivo vascular effects of taurine in animals

Taurine has been investigated for its in vivo ef-
fects in relation to the vasculature either by us-
ing it as a supplement or by causing taurine
deficiency with depleting agents. Thus, the role
of taurine in the vasculature in animals is dis-
cussed by considering these experimental ap-
proaches separately.

Taurine supplementation studies
The in vivo effects of taurine supplementation

on the vasculature in animals have been investi-
gated primarily in hypertensive rat models
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[reviewed in 10]. These animal models include
SHR, stroke-prone SHR (SHRSP, a variant of
SHR), deoxycorticosterone-acetate NaCl rats
(DOCA-salt rats), Dahl salt-sensitive rats (Dahl-S
rats), renovascular hypertensive rats (RHR,
Goldblatt hypertension), fructose-induced hyper-
tensive rats (FHR) and ethanol-induced hyper-
tensive rats (EHR). The major characteristics of
these animal models in relation to hypertension
are summarized below.

SHR: Genetic hypertension related to age and
exhibiting various lesions of essential hyperten-
sion; multifactorial mechanisms involving abnor-
malities in hypothalamic-autonomic axis or hy-
pothalamus-pituitary-adrenocortical system;
variants of SHR are available including SHRSP;

DOCA-salt rat: DOCA-induced hypertension with
salt diet; associated with increased sympathetic
activity or turnover of norepinephrine (NE) and
epinephrine (E);

Dahl-S rat: Hypertension developed in a specific
stain on high-salt diet; associated with de-
creased renal kallikrein gene expression;

RHR: Renin-dependent hypertension induced by
renal artery-clipping; usually associated with left
ventricular hypertrophy and calcium overload;

FHR: Fructose-induced hypertension; associated
with hyperinsulinemia and insulin resistance;

EHR: Ethanol-induced hypertension; associated
with formation of acetaldehyde, sodium reten-
tion, reduced urinary output and abnormal intra-
cellular cation levels;

The major effects of taurine in these and other
animals with respect to the vasculature are
briefly reviewed.

In SHR and SHRSP, 3% oral taurine supplemen-
tation with drinking water for 10 weeks has
been shown to lower resting blood pressure,
with significant reduction occurring starting
from 4 weeks of age [28,29]. The supplement
was found to be more effective in decreasing
blood pressure in the SHRSP, animals that dis-
played greater blood pressure elevation to start
with. Similar antihypertensive effect of taurine
was also reported in SHR supplemented with
1% in drinking water for a longer period of time;
that is, 16 weeks [30]. However, taurine did not
reduce blood pressure to control levels in both
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the SHR and SHRSP groups, suggesting that it
acts to stabilize the disorder only to a certain
extent. On the other hand, taurine produced no
significant effects on blood pressure in non-
hypertensive control Wistar Kyoto (WKY) rats.
Nonetheless, in WKY rats subjected to stress,
1.5% oral taurine supplementation for 8 weeks
resulted in a reduction in mean blood pressure
and total peripheral resistance, although more
marked effects were observed in stressed SHR
[31]. Attenuation of both hemodynamic and
stress-induced catecholamine/sympathetic ac-
tivity changes has been suggested to be in-
volved in these effects of taurine. Furthermore,
in SHR and SHRSP treated with high-salt diet,
the administration of 1.5% taurine in drinking
water for 21 weeks induced a pronounced de-
crease in mean blood pressure in association
with cardio- and reno-protection [32]. Other
studies have shown that oral taurine treatment
directly modulates the activity of local renin-
angiotensin system (RAS) in the brains of SHR
[33]. In this regard, 3% taurine in drinking water
inhibited the development of hypertension in-
duced by renin or angiotensin Il injection into
the preoptic area in the SHR. Overall, these
results provide evidence that taurine produces
beneficial antihypertensive effects in SHR,
SHRSP and in stressed WKY rats made hyper-
tensive under different conditions that impair
blood pressure regulation,. Such an effect sug-
gests the ability of taurine to counter diverse
cardiovascular conditions and maintain homeo-
stasis.

In the DOCA-salt rat model, taurine supplemen-
tation in drinking water as 1%, 2% and 3 % was
effective in preventing the development of hy-
pertension in a dose-dependent fashion [34].
This effect of taurine has been suggested to be
linked to reversal or normalization of sympa-
thetic overactivity in these rats. This observa-
tion was supported by the correspondingly re-
duced turnover rate and/or levels of NE and/or
E in the heart, hypothalamus, spleen, adrenal
gland and plasma of these rats. However, simi-
lar to the blood pressure data, NE turnover was
not affected by oral taurine supplementation in
control rats. Moreover, augmented activity of
the sympathetic nervous system and pressor
responses to cold-stress and electrical stimula-
tion in the hypothalamus of DOCA-salt rats were
also attenuated by the administration of taurine
[35,36]. In these animals, the antihypertensive
effect of taurine was associated with enhanced
natriuresis and activation of opioid receptors in
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the hypothalamus. Treatment with taurine in-
creased the levels of taurine and endorphin-like
immunoreactivity in the hypothalamus. There-
fore, in the DOCA-salt rat model of hypertension,
the hyportensive effect of taurine may at least
involve normalization/reduction of augmented
catecholamine metabolism/sympathetic activity
and overactivity of endorphin-mediated mecha-
nisms in the hypothalamus; this further indi-
cates the multidimensional actions and homeo-
static mechanisms associated with taurine.

Consistent with the above observations, hy-
potension was also demonstrated in the Dahl-S
rat model of hypertension in response to
taurine. Accordingly, oral administration of 3%
taurine in drinking water inhibited the develop-
ment of blood pressure in these rats, the effect
of which was associated with greater urinary
volume and increased excretion of kallikrein
[37]. These results provide additional evidence
for the effectiveness of taurine as an antihyper-
tensive agent yet in another model of hyperten-
sion.

Dietary taurine was reported to induce hypoten-
sion in the RHR model in which renin-dependent
mechanisms are believed to play a prominent
role [38]. The simultaneous antagonism of
renin with enalapril was found to be more effec-
tive in reducing blood pressure, normalizing
calcium mobilization and reversing ventricular
hypertrophy. Thus, taurine is also involved in
ameliorating abnormal blood pressure in a rat
model of hypertension linked to disorder of the
renin-angiotensin system.

In fructose-fed insulin resistant (diabetic) rats,
which are prone to develop hypertension, 1%-
2% oral taurine in drinking water prevented a
rise in blood pressure along with normalization
of plasma insulin [39-41]. The taurine-induced
effect was linked to increased urinary sodium
and kallikrein secretion, which was abolished by
a kinin B2 receptor antagonist. This observa-
tion suggests that, in this animal model, taurine
may also stimulate the renal Kkallikrein-kinin
system and act as a natriuretic agent to prevent
enhancement of blood pressure. The concomi-
tant reduction of plasma insulin by taurine may
suggest the role of hyperinsulinemia in develop-
ment of hypertension in this model. A more
recent report showed that the prevention of the
development of hypertension by taurine (2% in
drinking water for 3 weeks) in the FHR was aug-
mented by exercise [42]. The mechanism for
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this observation was suggested to involve anti-
oxidation and the preservation of nitric oxide
(NO) by taurine.

Further studies have been carried out on the
role of taurine in the regulation of blood pres-
sure in animal models of hypertension which
seem to be “less conventional.” Hypertension
induced in rats with the administration of 5% or
15% ethanol for 4 weeks (EHR model) was pre-
vented with 1% oral taurine supplementation in
drinking water [43]. This vasoprotective effect
of taurine was associated with normalization of
altered hemoglobin-bound acetaldehyde (HbAA)
(by modulating acetaldehyde dehydrogenase
activity) and cation transport/metabolism. In a
hypertensive rat model developed by the ad-
ministration of the NO synthase inhibitor, N-nitro
-L-arginine methylester (L-NAME), 1% or 2% oral
taurine in the drinking water also ameliorated
elevation of blood pressure [44]. Along with this
effect, taurine increased serum levels of NO,
interfered with activity of the renin-angiotensin-
aldosterone system, and minimized elevation of
serum cytokine, endothelin, neuropeptide Y and
thromboxane B2, among other actions. Taken
together, these data indicate that, as shown in
other rat models of hypertension, taurine can
alleviate blood pressure elevation induced by
different factors in these less popular models of
hypertension as well. This finding provides fur-
ther evidence for taurine’s ability to act as an
antihypertensive agent against various forms of
hypertension and its overall role in cardiovascu-
lar modulation.

The literature further reveals that taurine exerts
prenatal vascular effects when given to either
hypertensive or healthy female rats. Accord-
ingly, oral taurine supplementation of female
SHRSP prior to or during pregnancy has been
shown to cause a decrease in the development
of hypertension in offspring that continued to
feed on maternal milk of animals receiving
taurine [28,45]. This observation indicates
taurine’s ability to reduce blood pressure in
SHRSP, at least in part, as a result of prenatal
vascular effects. This finding is consistent with
taurine’s antihypertensive effect reported for
hypertensive rats. In contrast, other studies
using healthy rats reported enhanced mean
arterial pressure in male rats prenatally ex-
posed to taurine (3% in drinking water from con-
ception to weaning); however, the pressure in-
creases in corresponding female offspring were
seen only when the animals were subsequently
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maintained on high glucose diet [46]. These
results alone indicate that prenatal taurine ex-
posure influences blood pressure regulation of
adult rats and this effect is gender specific. The
reason(s) for differences between the results of
the studies in the healthy rats and those in
SHRSP are not clear but may be related to dif-
ferences in the health status of the animals
(i.e., hypertensive vs normotensive). However,
despite this observation, given the generally
accepted cardiovascular effects of taurine, the
results of the prenatal exposure to the supple-
ment in the healthy female rats was unexpected
and further research is needed for clarification.

Besides the effects observed with oral admini-
stration, taurine has also been shown to exert
vascular effects with direct application into the
central nervous system (CNS), in both hyperten-
sive and normotensive rats. Accordingly, as
seen with the use of oral taurine, the admini-
stration of taurine into the ventricles of the
brain of SHR and RHR significantly alleviated
hypertension [47,48]. Injection of taurine into
the cerebrospinal fluid of normotensive rats
also lowered arterial pressure, an effect repli-
cated by intraventricular administration [49,50].
From experiments involving hypothalamic neu-
rons that secrete vasopressin, it has also been
shown that taurine has an inhibitory effect on
the activity of these neurons, thereby reducing
the release of vasopressin and its pressor and
antidiuretc effects. The consequence of this is
a decrease in blood pressure and promotion of
diuresis. The centrally-mediated effect of
taurine with regard to salt regulation is consis-
tent with results of other studies [51] using oral
taurine supplementation and taurine deficiency
in rormotensive Wistar rats.

Central administration of taurine is also in-
volved in modulation of baroreflex function. In
this respect, the administration of taurine into
the lateral ventricles of rats caused an acute
decrease in blood pressure and heart rate while
facilitating NE-induced reflex bradycardia [52].
Also, intraraphe administration of taurine
caused greater lowering of mean arterial pres-
sure and heart rate while enhancing the barore-
flex response to E [53]. The hypotension and
bradycardia induced by E were found to be
greater with taurine. In another study, it was
also shown that increased taurine release from
the hypothalamus by hypervolumia or pressure,
or its reduced release by hypotension in intact
but not denervated aortas in rats suggested
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that the baroreflex pathway modulates taurine
release from this brain area [50]. However, this
observation is seemingly at variance with our
investigation of lack of an effect of taurine defi-
ciency on baroreflex function in normotensive
rats [54]. A possible explanation for the differ-
ence is that the taurine level in our experimen-
tal model might not have been sufficiently de-
creased by the depleting agent (3% B-alanine in
drinking water for 3 weeks) to cause detectable
baroreflex impairment.

Other studies have provided evidence that
taurine acts locally on the renin-angiotensin
system in the brain to lower hypertension
[50,55]. Angiotensin Il is known to activate
vasomotor neurons of the rostral ventrolateral
medulla (RVLM) to increase blood pressure via
sympathetic signaling, and the iontophoretic
application of taurine resulted in inhibition of
these cardiovascular neurons. To our knowl-
edge, the effect of oral taurine treatment on
theses neurons has not been studied.

Studies using taurine deficient animals

The role of endogenous taurine in the vascula-
ture has also been studied using taurine defi-
cient rats that were treated with the taurine-
depleting amino acid, B-alanine. Our laboratory
assessed the effect of taurine deficiency in-
duced by 3% oral B-alanine (in drinking water for
3 weeks) on cardiovascular responses of
healthy WKY rats to the vasoactive agents,
phenylephrine (PE), angiotensin Il and sodium
nitroprusside [54]. It was found that taurine
deficiency caused a selective reduction in pres-
sor responses to angjotensin |l without impair-
ing baroreflex function and altering hemody-
namic responses to either phenylephrine or so-
dium nitroprusside. Although the mechanism(s)
for the impaired angiotensin ll-mediated pressor
response in the taurine deficient rat remains to
be established, these observations signify the
role of endogenous taurine as a modulator of
the responses to this vasoactive peptide. In
subsequent experiments, we also demonstrated
that B-alanine-induced taurine deficiency (3% [-
alanine in drinking water for 14 weeks) in
uninephrectomized rats resulted in acceleration
of the development of hypertension in response
to high (8%) dietary NaCl, without alterations in
baroreflex function [56]. These observations
suggest that taurine deficiency modulates renal
adaptation to a combination of uninephrectomy
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and dietary NaCl excess, suggesting the impor-
tant role endogenous taurine plays as a homeo-
static mechanism in the regulation of renal and
cardiovascular functions. Collectively, the data
concerning taurine deficiency are generally con-
sistent with the reported functional role of the
supplement in the vasculature.

The effect of taurine deficiency on arterial pres-
sure was further studied in rats prenatally made
deficient of taurine. Roysommuti et al. [57] re-
ported that prenatal taurine depletion with 3% 3
-alanine in drinking water (i.e., from conception
to weaning) produced increased sympathetic
activity and mean arterial pressure in male off-
spring on a high (5%) glucose diet and in female
offspring on a normal as well as high glucose
diet at 7-8 weeks of age. The authors con-
cluded that prenatal taurine deficiency alters
arterial pressure control of adult offspring, lead-
ing to enhancement of blood pressure in both
male and female rats, partially being gender
specific.  Despite the gender-related differ-
ences, the observation on the effect of prenatal
taurine deficiency appears to be consistent with
the observed trend of blood pressure changes,
emphasizing the important role of endogenous
taurine in the regulation of blood pressure even
at the prenatal stage.

Summary and general comments

In all of the animal models of hypertension de-
scribed, taurine supplementation has been
shown to produce antihypertensive effects. As
outlined above, the genesis of hypertension in
these animal models is multifactorial and com-
plex. Although it is not entirely clear for the
most part, several mechanisms can be pro-
posed for the effect of taurine in these animal
models.

It should be noted that earlier reports conjec-
tured that hypertension was generally associ-
ated with deficiency of taurine. Accordingly,
attempts were made to relate the various forms
of hypertension to decreased taurine contents
in plasma and certain tissues. However, no
consistent information was reported in most
reports. For instance, the levels of taurine in
plasma and liver were found to be similar in
both SHR and control rats although the levels
were reduced in SHRSP [58]. In addition,
taurine supplementation was unable to change
plasma taurine in any of the animal groups.
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While one study found increased taurine levels
in certain areas of the brain of the SHRSP after
taurine treatment, another group reported no
difference in the taurine contents of these brain
areas across the three models [59]. In addition,
Yamamoto et al. [35] reported a slight decrease
in plasma taurine in SHR at 15 weeks of age in
contrast to the increase observed by Jones [60]
at the age of 8 weeks. On the other hand, other
investigators showed diminished plasma
taurine concentrations in SHR and FHR in rela-
tion to the severity of hypertension [61,62].
Although these data may suggest dose-related
antihypertensive effects of taurine in these
models, the mechanism behind the reduction is
unknown. There is a possibility that some of the
inconsistencies in taurine levels are related to
differences in assay methodologies. Overall,
the reported results suggest the need for further
investigations with consideration of more appro-
priately designed experiments and measure-
ment of taurine contents in specific target tis-
sues of interest. In support of the latter, there
are reports of increased release of taurine from
aortic wall of the SHR in association with de-
creased uptake and content [20].

The findings of the animal studies suggest that
taurine exerts its antihypertensive effects by
various mechanisms. Aside from the CNS, de-
pending upon the animal model, the effect of
taurine has been shown to be associated with
(a) a reduction of catecholamine (E, NE) levels
in plasma and/or tissues (ie., sympathetic activ-
ity), (b) enhanced natriuresis/diuresis/urinary
volume and kallikrein secretion, (c) antioxida-
tion and maintenance/augmentation of NO, (d),
normalization of HbAA and cation transport, (e)
modulation of activity of the renin-angiotensin-
aldosterone system and (f) minimization of se-
rum levels of cytokine, endothelin and other
vasoactive mediators. Some of these observa-
tions have found to be consistent with the re-
sults obtained using taurine deficient animals.
While lowering blood pressure in hypertensive
rats, oral taurine supplementation does not
seem to affect blood pressure of healthy ani-
mals. Although some of the above effects of
taurine could be linked indirectly to its action in
the CNS, there are effects specifically mediated
via the CNS. These include (a) regulation of the
activity of hypothalamic neurons that secrete
vasopressin, (b) modulation of baroreflex, (c)
augmentation of hypothalamic opioid activity,
and (d) attenuation of local renin-angiotensin
system. Surprisingly, many of the CNS-mediated
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Figure 1. Possible sites of action of taurine as a
hypotensive agent (refer to text for details).

effects of taurine are observed in both hyperten-
sive and normotensive rats. The possible sites
of action of taurine as a hypotensive agent are
shown in Figure 1.

As described above, although both oral and cen-
trally administered taurine causes a reduction
in blood pressure particularly in hypertensive
rats, the specific mechanisms involved are not
entirely clear, particularly at a molecular level.
As a result, there is no a unifying concept that
can explain the different observations. This is a
relevant subject that requires further investiga-
tion.

Effects of taurine on isolated vascular tissues,
vascular smooth muscle cells and endothelial
cells

Although administered taurine (orally and cen-
trally) as well as endogenous taurine have been
demonstrated to induce a reduction in blood
pressure, particularly in the setting of hyperten-
sion by the various mechanisms described,
from this observation alone it is not defined
whether or not the compound produces direct
relaxant effects on the vasculature. In an at-
tempt to address this problem, the conse-
quences of direct interaction of taurine with the
vascular system have been the focus of investi-
gation, albeit to a limited extent, by different
groups of investigators using different experi-
mental approaches. Accordingly, the effects of
taurine on isolated vascular tissue, vascular
smooth muscle cells and endothelial cells were
studied in a more direct fashion under in vitro
conditions. This approach provided information
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based on the in vivo vascular action of taurine
(i.e., in taurine supplemented and deficient ani-
mals) or on the direct effect of the compound
on isolated vascular preparations in vitro.

In vitro studies on isolated vascular tissues
based on in vivo effects of taurine

Vascular effects of taurine have been examined
using isolated vascular preparations from
taurine supplemented animals. The major find-
ings of these studies are presented briefly.

Our group determined the effects of chronic
taurine supplementation on the reactivity of the
rat aorta in male WKY rats given 1% oral taurine
in drinking water for 7-8 weeks [63]. Endothe-
lium-intact or mechanically-denuded aortic ring
preparations from control and the taurine-
supplemented rats were suspended in standard
tissue baths containing oxygenated Krebs solu-
tion at 379 C for isometric tension measure-
ments. Contractile responses to NE and potas-
sium chloride (KCl) were attenuated in rings
from taurine-treated rats as compared to con-
trols both in the absence and presence of endo-
thelium. However, the magnitude of attenua-
tion was greater in endothelium-intact tissues
contracted with NE. Acetylcholine (ACh)-induced
relaxation responses were augmented in endo-
thelium-intact vessels from rats supplemented
with taurine compared to the responses of con-
trol preparations. Relaxation of the aortas from
taurine-treated and control rats in response to
sodium nitroprusside (SNP) were not different
from each other. These results suggest that
chronic taurine treatment attenuates vascular
contractility in rats in a nonspecific manner and
this effect is partly mediated via the endothe-
lium.

Assessing the vascular effects of 3% taurine in
drinking water for 5 weeks on blood vessels
reactivity in rormotensive and hypertensive ani-
mals, Li et al.[64] found that the contractile re-
sponses of mesenteric arteries from taurine-
treated SHRSP but not control WKY rats to NE
were markedly decreased. In contrast, the re-
sponses of the arteries from either the hyper-
tensive or normotensive animals to angiotensin
Il or KCI were not altered by taurine treatment.
These results are generally in line with the anti-
hypertensive effects of taurine observed in hy-
pertensive animals supplemented with oral
taurine. These experiments, however, do not
provide information whether or not the effects
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of taurine were mediated via the vascular
smooth muscle or endothelium, indicating the
need for further studies in this direction.

In addition, chronic oral taurine administration
(50 or 100 mg/kg for 10 weeks) prevented im-
pairment of endothelium-dependent relaxation
of aortas from streptozotocin (STZ)-induced dia-
betic and hypercholestrolemic mice to Ach and
A23187, without affecting blood glucose [65].
In another group of STZ-induced diabetic rats
treated with 1% taurine for 6 weeks, the preser-
vation of endothelium-dependent aortic relaxa-
tion was associated with a reduction of oxida-
tive stress and oxLDL, and downregulation of
cell adhesion molecule-1 (ICAM-1) and lectin-
like oxLDL receptor-1 (LOX-1) expression [66].
Li et al. [67] also reported that oral taurine sup-
plementation as 1% in drinking water for 2-6
weeks prevented functional impairment of the
vascular endothelium of sciatic nerves from STZ
-induced diabetic rats. These different findings
from diabetic animal studies provide evidence
for the vasoprotective effect of taurine in diabe-
tes, mediated via its action on the endothelium.
Chronic taurine treatment (50 mg/kg ip for 21
days) of rats given nicotine was reported to re-
verse impaired contractile and relaxant re-
sponses of aortas to PE and Ach, respectively,
along with normalization of endogenous glu-
ththione (GSH) levels, lipid peroxidation and
myloperoxidase (MPQO) activities [68]. This ef-
fect of taurine has been suggested to be related
to its action against oxidative damage of the rat
aorta caused by nicotine. Studies performed by
Zulli et al [69] on left main coronary arteries of
rabbits fed high-fat diet, with and without me-
thionine and/or 2.2% taurine, also demon-
strated the beneficial effects of taurine as mani-
fested by reduced/normalized intima to media
ratio, atherosclerosis and endothelial apoptosis.
This was associated with improvements in coro-
nary artery wall pathology along with decreased
plasma total homocysteine, methionine, apop-
tosis, and CCAAT/enhancer binding protein ho-
mologous protein [70]. In brief, the coronary
artery data elucidate the antiapoptotic and an-
tiatherogenic properties of systemically adminis-
tered taurine, possibly mediated, at least in
part, via normalization of endoplasmic reticulum
stress.

Studies on direct in vitro effects of taurine on
isolated vascular tissues

Major findings of the direct effects of taurine on
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vascular tissue preparations from healthy and
diseased animals under in vitro conditions are
briefly reviewed in this section.

Ristori and Verdetti, [70], using isolated tissue
bath experiments, demonstrated that direct
application of taurine (1 mM) caused a reduc-
tion of NE and KCl-induced contraction of rat
aortas. This effect of taurine was found to be
partly dependent on the presence of the endo-
thelium, but independent of intracellular cal-
cium. In addition, Franconi et al. [71] reported
that intraluminal administration of taurine (10-
80 mM) inhibited the contractile responses of
another vascular tissue, the rabbit ear artery, to
KCI but not NE. A more recent investigation by
another group showed that the direct applica-
tion of taurine (20-80 mM) produced concentra-
tion-dependent relaxation of rat aortic rings pre-
contracted by both PE and KCI [72]. The relaxa-
tion was inhibited by tetraethylamonium (TEA), a
non-selective potassium channel blocker but
not by L-NAME, indomethacin, 4-aminopyridine,
glibenclamide, barium chloride or iberiotoxin.
Preincubation of tissue with 20-60 mM taurine
inhibited the contraction induced by PE, without
affecting the basal tone [72]. The inhibitory
effect of taurine on PE-induced contraction of
isolated renal and mesenteric arterial rings was
also attenuated by TEA. Overall, the findings of
these experiments revealed that taurine directly
relaxes or inhibits KCI- and PE-induced contrac-
tion of various rat arteries and the mechanism
may involve opening of potassium channels.
Further studies by the same group also showed
that taurine induces a direct vasorelaxant effect
on precontracted porcine coronary arteries or
inhibits the arteries from contracting in re-
sponse to different contractile agents [73]. The
activation of Kir, Katp and Kca channels was sug-
gested to be involved in the taurine-induced
effects on the porcine coronary arteries. In ad-
dition, depending on the degree of the back-
ground muscle tone, taurine was also reported
to either cause further contraction or relaxation
of the rat aorta by directly acting on NE- and KClI
-induced contractile responses [74]. Accord-
ingly, when vascular tone was excessively low,
taurine promoted vasoconstriction, while it in-
duced vasorelaxation when the evoked contrac-
tion was relatively high. Thus, it was suggested
that taurine may modulate vascular wall tone to
maintain blood flow, an indication of the homeo-
static role it may play in the function of blood
vessels [74].
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The results of direct vascular effects of taurine
were also reported for blood vessel prepara-
tions from hypertensive and diabetic animals.

In vitro exposure of mesenteric arteries from
SHRSP but not control WKY rats to 10 mM
taurine for 15 min has been shown to exert a
selective inhibition of contraction to NE (Li et al.,
1996) [64]. This effect of taurine is consistent
with its in vivo effect found in SHRSP by the
same investigators. Taurine was also studied
for its effect on the activity of the sympathetic
nervous system in hypertension by measuring
pressor responses of perfused mesenteric arter-
ies from SHR to electrical stimulation [75]. Ad-
dition of 3% taurine to perfusate suppressed NE
overflow and pressor responses induced by
electrical stimulation of the mesenteric prepara-
tion, with greater suppressive effects produced
in the SHR than the WKY control rats. These
data suggest that taurine may lower blood pres-
sure in hypertension, at least in part, via sup-
pression of NE release from peripheral sympa-
thetic nerves [75].

More recently, our laboratory was involved in
the study of the in vitro effect of taurine on the
reactivity of aortas from STZ-induced diabetic
rats of 12-14 weeks duration to NE and Ach
[76]. In these studies, control and diabetic aor-
tas were incubated in isolated tissue baths with
10 mM taurine for 2 hr before adding drugs. In
endothelium-denuded tissues that were not
incubated with taurine, the contractile re-
sponses of the diabetic aortas to NE, but not
KCl, were enhanced compared to control re-
sponses. With 2 hr incubation with taurine, the
augmented contractile responses of the dia-
betic aortas to NE were attenuated to control
levels. This effect of taurine was associated with
a reduction in calcium mobilization and protein
kinase C (PKC) activation. In the absence of
taurine, endothelium-dependent relaxation in-
duced by Ach was also attenuated in aortas
from diabetic rats. Incubation of endothelium-
intact aortic tissues with taurine reduced the
inhibitory effect of diabetes on Ach-mediated
vasorelaxation. Similar to the effects of diabe-
tes, treatment of non-diabetic rat aortic rings
with high concentration of glucose (45 mM) for
3 hr caused enhancement of contraction of the
vascular smooth muscle to PE and impairment
of endothelium-mediated vasorelaxation to Ach,
as compared to control responses. Co-
incubation of the tissues with 5-10 mM taurine
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concentration-dependently reduced the altera-
tions in both contraction and relaxation caused
by high glucose in responses to PE and Ach.
Overall, our data suggest that taurine prevents
or ameliorates diabetes-induced vascular reac-
tivity alterations involving both the smooth mus-
cle and endothelium; similar observations have
been reported for the vasculature of hyperten-
sive animals by other investigators [76].

Using the fructose-fed insulin resistance dia-
betic rat model, Xue et al (2008) [77] deter-
mined the direct vascular effect of taurine on
contraction of aortic rings to KCl and PE. It was
found that while taurine (20-80 mM) relaxed
contraction of the rings from control rats, it en-
hanced the contraction of tissues from insulin
resistance rats. The taurine-induced enhance-
ment of contraction observed in the insulin re-
sistance aortas was endothelium-dependent,
but the relaxation in control tissues was endo-
thelium-independent. TEA-sensitive K(+) chan-
nels may be involved in both the contraction
and relaxation responses to taurine [77]. It is
clear that the responses of the aortas from the
insulin resistance rats to taurine were opposite
to those of the aortas from STZ-diabetic rats
described above, but the responses of the con-
trol groups were similar in both cases [76]. The
variation in responsiveness of the diabetic aor-
tas to taurine is likely to be related to differ-
ences in the animal models used in the two
studies, demonstrating the selectivity of vascu-
lar effects of taurine on the basis of disease
conditions.

In vitro studies using vascular tissues from
taurine deficient animals

We investigated the effect of taurine deficiency
on vascular reactivity in vitro in order to deter-
mine the role of endogenous taurine in the
modulation of vascular functionality [16,78].
Accordingly, we studied the reactivity of aortic
ring preparations from rats depleted of taurine
with 3% B-alanine in drinking water for 3 weeks.
As expected, contractile responses of endothe-
lium-denuded aortas from taurine-deficient rats
to NE and KCl were enhanced compared with
control responses. In addition, the sensitivity of
the endothelium-denuded aortas to SNP was
attenuated by taurine deficiency. Similarly,
taurine deficiency reduced the relaxant re-
sponses of endothelium-intact aortic rings elic-
ited by Ach, and this effect was associated with
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decreased NO production. On the other hand,
incubation of rat aortic tissue with a high dose
of B-alanine (40 mM for 30 min) in vitro did not
affect its reactivity to vasoactive agents, indicat-
ing lack of direct vascular effect of B-alanine per
se.[54]. Taken together, the results of our ex-
periments with B-alanine-treated rats suggest
that taurine deficiency augments contractility
but attenuates relaxation of vascular smooth
muscle in a nonspecific manner [16,63]. These
observations may be of relevance to our subse-
quent demonstration that taurine deficiency
accelerates the development of salt-induced
hypertension in the uninephroctomized rats
[56]. Impairment of endothelium-dependent
responses, which is at least in part associated
with reduced NO generation, may contribute to
the attenuation of vasorelaxtion. These data
generally support the notion that endogenous
taurine has an inhibitory effect on the basal
tone or evoked contraction of blood vessels and
this effect involves the release of NO from the
endothelium. These observations, together with
our previous findings obtained using taurine
supplemented rats, further emphasizes the rele-
vance of endogenous taurine as a modulator of
vascular functionality [16,63].

We subsequently assessed the reactivities of
both aortas and mesenteric arteries from f3-
alanine-treated rats (3% in drinking water for 3
weeks) to adenosine receptor agonists [78]. In
both endothelium-intact and denuded aortas,
taurine deficiency diminished relaxation caused
by 2-chloroadenosine (CAD) and 5’-N-ethyl-
carboxyamineoadenosine (NECA), whose effects
are known to be mediated via Aza receptor acti-
vation. The endothelium-dependent responses
were attenuated by the NO synthase inhibitor L-
NAME in both groups. However, the inhibitory
effect of L-NAME was less marked in the B-
alanine-treated group, further indicating that the
effect of taurine deficiency was linked to a re-
duction in NO generation. As in the aortas, CAD
produced both endothelium-dependent and -
independent relaxation in the rat superior mes-
enteric artery, and both tissue responses were
inhibited by B-alanine treatment, suggesting
that not only similar responses can be produced
by a given adenosine receptor agonist in differ-
ent vascular beds, but also B-alanine treatment
modulates these responses. On the other hand,
Né-yclopentyladenosine (CPA)-induced aortic
relaxation was found to be endothelium-
independent and this was not altered by taurine
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deficiency. These results indicate that endoge-
nous taurine deficiency causes differential in-
hibitory effects on adenosine receptor-mediated
vasorelaxation, depending upon the type of ago-
nist used. The implication of this observation is
that endogenous taurine has selective modula-
tory role in adenosine receptor-mediated vascu-
lar responsiveness, with no tissue related differ-
ences in its effect [78].

Effects of taurine on vascular smooth muscle
cells

Vascular smooth muscle cells (VSMCs) play a
central role in the function of blood vessels.
These cells determine the contractile ability and
lumen size of blood vessels among other func-
tional roles. These functions of VSMCs can be
influenced variably by the effects of vasoactive
mediators and pathophysiological conditions
[79]. However, despite their important role, only
limited information is available in the literature
regarding the effect of taurine on VSMCs per se.
The presence and functionality of a TAUT sys-
tem have been clearly shown in VSMCs derived
from rat aortas [23,26,80] and it is likely that
the system is also present in other VSMCs. The
available information on the effect of taurine on
VSMCs is mainly related to taurine’s inhibitory
effects on cell proliferation, antioxidation and
atheroscrerosis [80].

Taurine, as low as 0.3 mM, has been shown to
inhibit the proliferation of rat aortic VSMCs in
culture, as monitored by measurement of cell
counts and rate of DNA synthesis, which was
determined by [3H]thymidine incorporation into
DNA [23,26,80]. Protein content of these
VSMCs was also found to be decreased by 30
mM taurine. On the other hand, [3H]leucine
incorporation into newly synthesized protein
was not affected by the 30 mM taurine, indicat-
ing that taurine does not inhibit protein synthe-
sis or survivability of VSMCs but rather reduces
total protein content by inhibiting cellular prolif-
eration [26,80,81].

In another investigation, taurine (5, 10, and 20
mmol/L) antagonized the effects of homocys-
teine on ROS (H202 and O2) generation and an-
tioxidant enzyme (SOD and catalase) activities
in rat VSMCs in vitro [81]. Also, lysophos-
phatidic acid (LPA)-induced release of calcium
from cultured VSMCs cells and the migration
and proliferation of the cells have been ob-
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served to be inhibited by taurine in a concentra-
tion-dependent manner [82]. LPA is a lipid com-
ponent in atherosclerotic plaques and is consid-
ered to have an important role in the develop-
ment of atherosclerosis. It has thus been sug-
gested that LPA-mediated effect is one of the
mechanisms for the antiatherosclerotic action
of taurine. Taurine has also been shown to at-
tenuate the progression of atherosclerosis by its
ability to lower serum lipids and reduce the oxi-
dation of LDL, as well as by reducing the risk of
arterial thrombus formation via inhibition of
platelet aggregation [82].

The reported effects of taurine on VSMCs are
processes of “normalization” which can be
beneficial in conditions of vascular abnormali-
ties such as atherosclerosis. Some of these
effects are in line with the observations made in
relation to taurine’s effects on vascular reactiv-
ity and blood pressure. Further studies using
VSMCs are relevant since they can provide infor-
mation which otherwise would be difficult to be
obtained using intact vascular tissues. From
such studies, signaling processes and molecu-
lar mechanisms involved in the interactions
between taurine and VSMCs can be unveiled
more reliably.

Effects of taurine on vascular endothelial cells

The endothelium is a mono-layer of cells that
line the lumen of blood vessels. It provides an
interface between circulating blood and underly-
ing vascular smooth muscle. In addition to serv-
ing as a physical barrier between blood and tis-
sues, the endothelium is involved in multiple
other important functions including regulation of
vascular tone, blood coagulation, cell growth,
and platelet and leukocyte adhesion [83].
Therefore, maintaining endothelial health is
important for the proper functioning of the car-
diovascular system.

Besides the endothelium-dependent effects
shown in intact vascular preparations, there are
also reports, albeit limited, that assessed the
effects of taurine on endothelial cells per se.
The relevance of the endothelium for the vascu-
lar action of taurine is in part indicated by the
demonstration of 3H-taurine staining of endo-
thelial cells [21,22]. Accordingly, taurine (0.125
-2.5 mg/ml for 48 hr and 14 days) has also
been shown to prevent high-glucose-induced
human umbilical vein endothelial cells (HUVEC)
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Figure 2. Vascular effects of taurine based on experimental observa-

tions (refer to text for details).

apoptosis as determined by DNA fragmentation
[83,84]. These results were correlated with
attenuation of high glucose-mediated increased
reactive oxygen species (ROS) and intracellular
(IC) calcium concentration by taurine. This sug-
gests that the anti-apoptosis effect of taurine
was mediated via ROS inhibition and IC calcium
stabilization. In rats made hyperglycemic with
the administration of glucose, 200 mg/kg
taurine treatment for 5 days prevented endothe-
lial cell apoptosis and ICAM-1 expression [85].
These findings indicate that the anti-apoptotic
effect of taurine is associated with its anti-
inflammatory effect. Consistent with this, expo-
sure of HUVEC to taurine (0.5-2.5 mg/ml for 20
hr) was also shown to protect endothelial dys-
function induced by hyperglycemia and/or
oxLDL through down-regulation of apoptosis
and ICAM-1 expression [85,86]. This antiin-
flamatory effect of taurine is proposed to be
beneficial for preventing the development of
atherosclerosis and angiopathies in diabetes.
Furthermore, apoptosis and impairment of func-
tion of HUVEC caused by sodium arsenate could
be attenuated by taurine (0.5 mg/ml at 0 and 6
hr) [86]. In these cells, taurine also reduced
PMN-mediated necrosis and A23187-induced IC
calcium elevation and cell death. It was sug-
gested that these effects of taurine are the re-
sults of its antioxidant activity and modulation
of IC calcium, which prevent cell dysfunction
and death. Studies by Tan et al. [87] demon-
strated that ox-LDL-induced increased levels of
lactate dehydrogenase (LDH), asymmetric di-
methylarginine (ADMA), TNF-alpha and

304

taurine supplementation [88]. This
beneficial effect of taurine was partly
attributed to an upregulation of NO
synthase expression. Although, more
or less, consistent and potentially
useful results have been reported by
investigators, more needs to be done to fill ex-
isting knowledge gaps in this area. Such an
effort may include investigations on endothelial
cells from different vascular sources and the
signaling and molecular mechanisms that may
be involved in the action of taurine under nor-
mal and pathological conditions.

Summary and general comments

The studies on isolated vascular preparations
provide more specific information on the effect
of taurine on the vasculature, independent of
other endogenous influencing factors. The over-
all observation is that taurine produces biologi-
cal effects on vascular tissues, with or without
the endothelium, VSMCs and endothelial cells
by different mechanisms under normal and
“pathological” conditions. Figure 2 illustrates
the major sites involved in the vascular action of
taurine, as reported in the literature.

Experiments with vascular tissue preparations
from taurine supplemented animals have indi-
cated that taurine exerts effects on the vascula-
ture. Relative to the effects of direct application
of taurine under in vitro conditions, the in vivo
administration of the supplement seems to pro-
duce more chronic and practical outcomes.
Such effects of taurine may be associated with
alterations in cellular processes in the vascula-
ture that are manifested by alerted tissue re-
sponsiveness. The mechanism(s) for these
taurine-induced alterations in cellular processes
remains to be investigated. Both the vascular
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smooth muscle and endothelium have been
shown to be responsive to the in vivo exposure
to taurine. Thus, vascular tissues from both
healthy and diseased (primarily hypertensive,
diabetic and atherosclerotic) animals treated
with taurine have been observed to respond
with vasorelaxation. However, tissues from dis-
eased animals seem to be more responsive to
the effects of taurine, suggesting that the com-
pound is more effective under conditions of
greater stress. This discovery is supported, for
instance, by the fact that taurine is ineffective in
inhibiting basal tones of isolated vessel prepa-
rations while it relaxes contracted vessels or
that taurine deficiency or supplementation does
not affect baseline blood pressure. The exact
reason for this differential observation is un-
clear (i.e., under healthy and pathological condi-
tions). In most cases, the vasorelaxant effects
of taurine seen in abnormal vessels is associ-
ated with improvements of other related factors,
including lipid profiles, ROS levels, intimal thick-
ness and NO release. It is likely that taurine’s
effects on these factors contribute to its action
on vascular reactivity.

The literature also shows that taurine with direct
in vitro application, almost always causes
vasorelatation, and, in certain cases, this re-
sponse is endothelium-dependent. This is con-
sidered an acute effect of taurine. In this re-
spect, taurine also produces similar effects on
vascular reactivity, as observed with the in vivo
(chronic) administration. In some vascular
preparations, the acute (in vitro) effect of
taurine is related to the opening (stimulation) of
K* channels (***). Similar to its in vivo effects,
direct application of taurine also resulted in
greater vasorelaxation in blood vessels from
SHR, SHRSP and STZ-diabetic rats. In the SHR,
the vascular effect was associated with inhibi-
tion of sympathetic activity by taurine.

The in vivo and in vitro (direct) effects of taurine
observed in isolated vascular tissues are consis-
tent (albeit in the opposite directions) with the
results obtained using blood vessel prepara-
tions from taurine deficient animals. The infor-
mation from both experimental approaches pro-
vides support for the antihypertensive effect of
taurine reported for different groups of animals.
In other words, direct inhibition of vascular
smooth muscle contractility and enhancement
of endothelium-dependent vasorelaxation that
may, at least partly, be associated with the re-
lease of NO and opening of K* channels contrib-
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ute to this effect of taurine. In addition, the in
vitro data are also in line with the vasoprotec-
tive effects of taurine in diabetes and athero-
sclerosis. However, despite these additional
insights from isolated tissue experiments, the
vascular action of taurine is incompletely under-
stood, requiring further investigations, particu-
larly with regard to the mechanisms involved
and their relationships with the in vivo effects of
the supplement in whole animal.

Considering effects on vascular tissue compo-
nents, it has been reported that taurine inhibits
rat aortic VSMC proliferation and migration and
this effect is, at least in part, linked to inhibition
of ROS and IC calcium release. These results
are more consistent with the antiatherosclerotic
effects of taurine reported in other studies.
However, as there are no reports regarding the
effects of taurine on VSMCs from other vascular
sources, it is not known if this information is
applicable to all smooth muscle cells. In addi-
tion, either under normal or pathological condi-
tions, no studies have been reported relating
the effect of taurine seen in VSMCs to its effects
on vascular reactivity and blood pressure. With
regard to endothelial cells, taurine has been
shown to inhibit glucose- and/or oxLDL- induced
enhancement in apoptosis, ROS, IC calcium,
ICAM-1 expression, TNF-alpha and ADMA in HU-
VEC, while increasing NO production. Further-
more, HUVEC apoptosis and cell death caused
by sodium arsenate and PMN were suppressed
by taurine. The supplement also reduced endo-
thelin-1 release and increased NO generation in
HUVEC incubated in monocyte-conditioned me-
dium from smokers. It is clear that most of the
above endothelial cell studies used HUVEC and
are linked to diabetes and atherosclerosis. As
with VSMCs, there is a dearth of information on
many other aspects, including effects of taurine
on endothelial cells from other vascular
sources, details of the mechanisms that may be
involved in the action of taurine and the rele-
vance of effects on endothelial cells to its over-
all in vivo action.

Human studies on effects of taurine related to
the vasculature

There is limited information on the effects of
taurine in humans in relation to the vasculature
and most of this information is from trials in
hypertensive patients. Oral taurine (6 g/day)
supplementation given to essential hyperten-
sive patients on a salt-restricted diet was re-
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ported to alleviate the symptoms of hyperten-
sion after 6 weeks of treatment- with reduced
systolic, diastolic and mean arterial blood pres-
sure [89]. It was demonstrated that this effect
of taurine was associated with augmented renal
kallikrein-kinin and prostaglandin systems.
Similar reductions in systolic, diastolic and
mean arterial blood pressure were observed in
another group of hypertensive patients treated
with 6 g/day taurine only for 7 days [90]. As
expected, no changes were observed in blood
pressure in patients with placebo. Consistent
with animal studies, taurine also produced no
effects in normotensive subjects [90]. In gen-
eral agreement with the above studies, other
researchers also found that oral taurine given at
a dose of 3 g/day for 8 weeks decreased both
systolic and diastolic blood pressure in about
65% of hypertensive cases [91]; the reason for
the lack of effect on unresponsive patients is
unknown.

In addition, taurine also induced beneficial ef-
fects in diabetic patient with regard to the vas-
culature. Accordingly, young type 1 diabetic pa-
tients given oral taurine supplementation for 2
weeks displayed reversal of both arterial stiff-
ness and brachial artery reactivity as assessed
by flow-mediated dilatation (FMD) [92]. From
this observation, taurine was proposed to have
the potential for long-term treatment of diabetic
patients, particularly the progression towards
atherosclerosis and related cardiovascular dis-
eases.

Overall, these limited human studies are consis-
tent with the observations made in normoten-
sive, hypertensive and diabetic animals. It is
likely that at least some of the mechanisms
described in animal studies may also apply to
humans. However, the human studies need to
be expanded to include a more complete as-
sessment based on animal studies.

Hypothetical mechanisms for direct vascular
effects of taurine relevant to acute vasore-
laxant and antihypertensive effects

Compared to most amino acids, taurine is
unique in its physiochemical properties and
biological activities. This is believed to be re-
lated to its distinct feature emanating from the
presence of sulfonic group in lieu of carboxylic
group, which is common in most amino acids.
Taurine mostly remains free rather than becom-
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ing incorporated into peptides or proteins and
behaves as a zwitterions [1]. Along with its rela-
tively strong hydrophilic nature, such character
contributes to taurine’s ability to participate in
osmoregulation. By virtue of its chemical na-
ture, taurine has also been shown to act as a
free radical scavenger and as an antioxidant
[1,4,68,81]. Further, taurine chloramines, which
is formed by the reaction of taurine with the
highly toxic hypochlorous acid, serves as a cellu-
lar signaling molecule that can downregulate
the expression of inflammatory mediators while
upregulating the expression of eNOS [68,93].
In addition, intracellular taurine interacts elec-
trostatically with polar groups of membrane
phospholipids, with possible effects on mem-
brane permeability and fluidity, which in turn
influences the susceptibility of the structures
and functions of membrane-bound proteins to
covalent modification and modulation [1,4,8].
We hypothesize that the above-noted properties
of taurine provide at least a partial mechanistic
explanation for the observed direct vasorelaxant
and antihypertensive effects of taurine.

One likely hypothesis that can be attributed to
the vasorelaxant effect of taurine is its role as
an osmoregulatory agent. As an organic osmo-
lyte, taurine is intimately involved in regulatory
volume decrease and regulatory volume in-
crease that cells experience when exposed to
osmotic swelling and osmotic shrinkage, respec-
tively. The volume changes are usually associ-
ated with alterations in either extracellular or
intracellular electrolyte/ionic concentrations,
which can be caused by bioactive substances
that induce membrane permeability changes.
The regulatory volume decrease is linked to
taurine efflux while taurine uptake is linked to
regulatory volume increase [22]. Nonetheless,
such changes in cell volume affect a whole host
of cellular processes including ion exchangers
and transporters as well as osmosensitive sig-
naling pathways. It is thus hypothesized that
the osmoregulatory effect of taurine impacts
signaling pathways that regulate vascular func-
tion (and blood pressure) and this may involve
effects on endothelial cells and/or VSMCs
(Figure 3). Clearly, this concept needs to be
verified with experimental evidence.

The modulatory role of taurine on membrane
permeability and fluidity is proposed to influ-
ence the structures/morphologies and func-
tions of a range of membrane-bound proteins
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Figure 3. Proposed mechanisms for direct vasorelaxant effects of
taurine. Taurine is proposed to act as a vasorelaxant by different
mechanisms as described below (refer to text for further details): (a)
and (b) acting as an osmoregulator on endothelial and vascular smooth
muscle cells with consequential effects on osmosensitive signaling
pathways;(c) preserving and enhancing the production of NO by acting
as an antioxidant and increasing eNOS expression; (d) activating K+
channels in vascular smooth muscle cells resulting in a reduction in
Ca2+l; (e) reducing vascular smooth muscle cell Ca2+l by other poten-
tial mechanisms; (f) activating K+ channels in endothelial cells thereby
reinforcing Ca2+entry via ROC. Abbreviation: EDHF, endothelial derived
hyperpolarizing factor; NO, nitric oxide; eNOS, endothelial nitric oxide
synthase; ROC, receptor-operated channel; VOC, voltage-operated chan-
nel.

such as receptors, transport proteins, ion chan-
nels, G-proteins and effector enzymes [1,8,94].
In the vasculature, this effect can be expressed
by altered responsiveness of endothelial cells
and/or VSMCs to vasoactive agents. For in-
stance, the taurine-induced NO release from the
vascular endothelium, the opening of smooth
muscle K* channels and the reduction in IC cal-
cium associated with vasorelaxation are likely to
be linked to this modulatory role of taurine
(Figure 3). The extent to which this mechanism
plays a role in vascular function and regulation
of blood pressure awaits further investigation.

An important consideration for the
above proposed research on the
role of tauine in the vasculature
relates to the recently introduced
TAUT knockout mouse [95]. This
animal model can serve as a valu-
able experimental tool whereby ani-
mals are subjected to various
stresses that affect vascular func-
tion and blood pressure and rele-
vant outcome measures deter-
mined. Nonetheless, similar to
other genetically modified animal
models, caution is warranted in in-
terpretation of findings from the
TAUT knockout mouse because of
compensatory changes that may
accompany loss of taurine [95,96].
To our knowledge, vascular effects
of TAUT knockout have not been
determined in any animal model.

Overall summary and conclusion

Review of the literature generally
indicates that taurine exerts vascu-
lar effects by acting at different tar-
get sites and by various mecha-
nisms. Oral taurine supplementa-
tion induces hypotension in differ-
ent animal models of hypertension
through both central and peripheral
effects. This is partly supported by
the demonstration of vasorelaxant

responses elicited by taurine in isolated vascu-
lar tissue preparations. Results of isolated tis-
sue studies further
taurine, following oral administration, improves
vascular relaxation, intimal thickening, endothe-
lial apoptosis, oxidative stress and inflammation
associated with diabetes and various related
vascular disorders. Taurine also acts as an anti-
proliferative and antioxidant agent in VSMCs. In
endothelial cells, taurine variably inhibits apop-
tosis, inflammation, oxidative stress and cell
death, while increasing NO generation. Oral
taurine supplementation alleviates the symp-

provide evidence that

toms of hypertension in hypertensive human

The proposed role of taurine as an antioxidant
and promoter of eNOS expression seems to be
more important in the increased production as
well as preservation of NO released from endo-
thelial cells; this contributes to vasorelaxation
and hypotension associated with taurine (Figure
3). However, the exact mechanism(s) how this

process occurs is not yet clear. other

patients and reverses arterial stiffness and bra-
chial artery reactivity in type 1 diabetic patients.

It is thus evident that taurine administration is
effective as antihypertensive in both experimen-
tal models of hypertension and in human hyper-
tensive patients.
factors,

This effect involves, among
direct vasorelaxation
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(endothelium-dependent and/or independent)
by taurine, which is also implicated to be benefi-
cial for diabetes-induced angiopathy. Although
a certain level of understanding exists regarding
the vasorelaxant effect of taurine, the mecha-
nism(s) involved is not entirely clear, particularly
in disease conditions that impair the vascula-
ture. Other vascular effects of taurine that oc-
cur more specifically in VSMCs or endothelial
cells are also likely to be associated with benefi-
cial effects against related vascular pathologies.
Besides the limitations in the sources of vascu-
lar cells investigated, the mechanism(s) for the
reported effects is also incompletely under-
stood. The significant knowledge gap on the
role of taurine in the vasculature suggests the
need for further research in experimental mod-
els and ultimately human subjects. Additional
studies to address these issues may lead to the
development of therapeutic or diet-based
strategies to reduce the burdens of vascular
disease.
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